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Open vs. endovascular repair of isolated iliac artery
aneurysms: A 12-year experience
Niyant V. Patel, MD, Graham W. Long, MD, Zulfiqar F. Cheema, MD, Kalen Rimar, BS,
O. William Brown, MD, and Charles J. Shanley, MD, Royal Oak, Mich
Objective: To examine contemporary operative techniques and outcomes for repair of isolated iliac artery aneurysms.
Methods:We retrospectively reviewed the charts of all patients who underwent repair of an isolated iliac artery aneurysm
from February 1995 to June 2007. Mycotic aneurysms and patients with concurrent infrarenal abdominal aortic
aneurysms greater than 3.5 cm in diameter were excluded from analysis. Patients with prior abdominal aortic aneurysm
repair were not excluded.
Results: Fifty-six patients (96% male; mean age, 72  10 years) had either open (n  24) or endovascular (n  32) repair
with median follow-up of 36 months. Seven patients were treated for rupture, six with open repair, and one with an
endograft. Average aneurysm size for patients in the open and endovascular repair cohorts was 4.5  2.4 cm and 4.0 
1.1 cm, respectively (P  .35). One episode of endograft limb thrombosis at five months was treated with catheter-
directed thrombolytic therapy and stent placement. Thirty-day mortality for patients undergoing elective and emergent
open repair was 1/18 (6%) and 1/6 (17%), respectively. There was no 30-day mortality for the endovascular group.
Median length of stay was 10.5 days in the open group and one day in the endovascular elective group (P < .01). There
was no mid-term aneurysm-related mortality in either group. Primary patency rates were similar between the open and
endovascular groups at five years (100% vs. 96%, P  .07). Aneurysm sac diameter decreased in 67% (21/28) of patients
that underwent endovascular repair. One patient with a Type III endoleak required relining of the endograft with a
second endograft at 72 months.
Conclusion: These data demonstrate that in appropriately selected patients, endovascular repair of isolated iliac artery
aneurysms is a safe, effective alternative to open repair with mid-term follow-up. Endovascular repair is associated with
a significantly reduced hospital length of stay and may be associated with decreased need for transfusion and mortality
when compared with open repair. ( J Vasc Surg 2009;49:1147-53.)Isolated iliac artery aneurysms are uncommon, with an
incidence of 0.4% to 1.9% of intra-abdominal aneurysms.1
The primary etiology is degenerative; however, isolated
iliac artery aneurysms are also caused by other predisposing
conditions, including infection, intraoperative injury, dis-
section, trauma, Marfan syndrome, and other collagen
vascular diseases.1-3 Risk of rupture remains the primary
indication for repair. The vast majority of isolated iliac
artery aneurysms are asymptomatic and are detected inci-
dentally on imaging studies performed for other indi-
cations. Owing to the deep pelvic location of these
aneurysms, symptoms including local visceral or venous
compression, neuropraxia, or rupture may not occur until
the aneurysms reach considerable size.
The current consensus is that elective repair should be
considered in good risk patients for isolated iliac artery
aneurysms greater than 3 to 4 cm in maximal transverse
diameter.4-7 The traditional gold standard for treatment for
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doi:10.1016/j.jvs.2008.11.101common iliac artery aneurysms is open interposition graft
repair and that for internal iliac artery aneurysms is ligation
with or without interposition graft placement.1,4-6,8 Oper-
ative mortality for elective open repair of isolated iliac artery
aneurysm remains as high as 10% in the recent literature,
which is significantly greater than open repair of infrarenal
abdominal aortic aneurysms.1,4 Reasons for this apparent
discrepancy relate to technical challenges related to the
deep pelvic location of these aneurysms and include venous
hemorrhage, side branch bleeding, and injury to local
visceral structures. Mortality for ruptured iliac artery aneu-
rysms ranges from 30% to 50%.1,9
Over the past decade, endovascular aortoiliac aneurysm
repair has been established as a safe and effective alternative
to open repair in patients with appropriate anatomy. Pelvic
anatomic and technical considerations that increase the
potential for morbidity and mortality during open repair of
isolated iliac artery aneurysm make endovascular repair
particularly attractive. The purpose of the present study was
to review our mid-term institutional experience with open
and endovascular repair of isolated iliac artery aneurysm in
the modern era.
METHODS
The medical records of all patients who underwent open
or endovascular repair of an isolated iliac artery aneurysm from
February 1995 to June 2007 at William Beaumont Hospital,
Royal Oak, Michigan, were reviewed retrospectively. Patient
demographics, preoperative risk factors, operative technique,
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vention were recorded. Isolated iliac artery aneurysms were
described as either single or multiple, and involving the com-
mon, internal, or external iliac arteries. Mycotic aneurysms
and patients with concurrent infrarenal abdominal aortic an-
eurysms greater than 3.5 cm in diameter were excluded from
analysis. Patients with prior abdominal aortic aneurysm repair
were not excluded.
Prior to the development of the endovascular tech-
nique, conventional angiography and computed tomogra-
phy were used to evaluate the location and size of the
aneurysm and to plan the operative approach. Since the
development of the endovascular technique, preoperative
radiographic evaluation consisted of computed tomogra-
phy angiography (CTA) in all cases, which was used to size
the aneurysm and endograft. Preoperative conventional
angiography was used at the discretion of the surgeon. The
decision to proceed with open or endovascular repair was
based on individual surgeon preference and patient anat-
omy, presentation, and comorbidities.
Patients treated with open repair for common iliac
artery aneurysm underwent prosthetic unilateral iliac artery
interposition graft placement to the iliac bifurcation. For
those with aneurysmal involvement of the aortic bifurca-
tion, aorto-biiliac, or aorto-bifemoral arterial bypass graft
was placed. For an internal iliac artery aneurysm repair,
ligation of the main trunk, anterior and posterior divisions,
and any other side branches was undertaken. A prosthetic
common iliac to external iliac artery interposition graft was
placed if the common iliac artery bifurcation was aneurysmal.
Endovascular repair has become the preferred approach
at our institution for patients presenting with an isolated
iliac artery aneurysm. Patients treated via an endovascular
approach underwent unilateral iliac endograft placement
(AneuRx, Medtronic Corp, Minneapolis, Minn; Zenith,
Cook, Inc, Bloomington, Ind) if there was an appropriate
neck (usually 15mm) present in the proximal common iliac
artery. Otherwise, a bifurcated aortic endograft was placed.
In all instances, the endograft limb was placed into the ex-
ternal iliac artery landing zone (usually 20 mm). The
Table I. Patient demographics and significant co-morbidi
Total (n  56) n (%)








Ever smoked 33 (60.0)
Prior AAA 15 (27.3)
Prior MI 17 (30.4)
# Comorbidities (mean  SD) 4.6  2.5
AAA, Abdominal aortic aneurysm; CAD, coronary artery disease; COPD, cipsilateral internal iliac artery was addressed by covering theostiumwith an endograft with or without coil embolization
(Cook, Inc). Coil embolization was performed prior to
endograft placement, either as a separate procedure or at
the same setting. Embolization coils were restricted to the
main internal iliac artery trunk if only a common iliac artery
aneurysm was treated. Coils were placed in the anterior and
posterior divisions and within the main trunk if an internal
iliac artery aneurysm was treated. Coil embolization with-
out endograft placement was only used to treat isolated
internal iliac artery aneurysms.
Postoperatively, patients with open repair were seen at
two weeks, six months, and yearly, with a yearly concomi-
tant abdominal ultrasound. Those with endografts were
seen at two weeks, six weeks, and six and 12 months with
yearly office visits thereafter. Surveillance CTA with or
without four-view plain abdominal films per surgeon pref-
erence were obtained at six weeks and at six-month inter-
vals for one to two years. Thereafter, surveillance varied by
surgeon but included an annual office visit and duplex
ultrasound or CTA.
Patients with endovascular repair were compared with
those receiving open repair. Categorical variables are shown
as number and percent frequencies. They were examined
using Pearson’s 2 where appropriate (expected frequency
5); otherwise, a Fisher’s exact test was used. Continuous
variables are shown as means with standard deviation or as
medians, depending on the normality of the data. They
were examined using a Wilcoxon rank test. This is a non-
parametric approximation of the t test. Primary patency
rates were estimated by using Kaplan-Meier life-table anal-
ysis. Where data points were missing, no assumptions were
made and analyses were performed without them. All anal-
yses were performed using SAS version 9.1.3 (SAS, Cary,
NC).
RESULTS
Fifty-six patients (54 males, 96%), with a mean age of
72  10 years, were treated for isolated iliac artery aneu-
rysm from February 1995 to June 2007 (Table I). They
were followed postoperatively for a median time of 36
pen (n  24) n (%) Endo (n  32) n (%) P value
69.7  10.6 73.8  9.5 .09
23 (95.8) 31 (96.9) 1.00
14 (58.3) 14 (43.8) .28
20 (83.3) 24 (75.0) .45
13 (54.2) 13 (40.6) .31
5 (20.8) 2 (6.3) .13
5 (20.8) 5 (15.6) .73
17 (73.9) 16 (50.0) .07
6 (26.1) 9 (28.1) .87
6 (25.0) 11 (34.4) .45
4.9  2.5 4.5  2.4 .48
c obstructive pulmonary disease; MI, myocardial infarction.ties
Omonths. A total of 32 patients underwent endovascular
iliac a
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Eighteen (75%) open repairs and 31 (97%) endovascular
repairs were performed on an elective basis (P  .04), and
seven patients underwent emergent repair due to acute
rupture (open group, six; endovascular group, one). Of the
49 elective cases, eight patients were symptomatic at pre-
sentation (open group, five; endovascular group, three; P
.27). The remaining 41 elective cases were performed on
asymptomatic patients (open group, 13; endovascular
group, 28; P  .01). Fifteen patients had prior open
abdominal aortic aneurysm repair, six were treated with an
open technique, and nine with an endovascular technique.
Iliac aneurysm size ranged from 2.0 cm to 10 cm. Themean
aneurysm size in the open group (4.5  2.4 cm) was not
significantly different from the endovascular group (4.0 
1.1 cm, P  .35). There were no isolated external iliac
artery aneurysms treated in either group (Table II).
In the open group of 24 patients, 21 patients had
common iliac artery aneurysms. Six of these patients pre-
sented with bilateral common iliac artery aneurysms. One
patient had unilateral common iliac and internal iliac artery
aneurysms, one had bilateral common iliac and internal iliac
artery aneurysms, and one had an isolated internal iliac
artery aneurysm. The seven patients with bilateral common
iliac artery aneurysm involvement were treated with bifur-
cated aortoiliac/femoral grafts. Among the remaining 17
patients, 12 had interposition grafts placed, and four had
bifurcated aortoiliac/femoral grafts placed. The internal
iliac artery was ligated in nine patients undergoing open
repair (bilaterally in one case). The patient with an isolated
Fig 1. Isolated
Table II. Distribution and presentation: open versus endo
Total (n  56) n (%)
Elective 49 (87.5)
Emergent 7 (12.5)
Aneurysm diameter, cm (mean  SD) 4.3  1.9
Location
Common Iliac 49 (87.5)
Internal Iliac 5 (8.9)
Common/internal iliac 2 (3.6)
aSix patients had bilateral common iliac artery aneurysms.
bOne patient had bilateral common and internal iliac artery aneurysms.internal iliac artery aneurysm underwent ligation alone.In the endovascular group of 32 patients, 28 had
aneurysms involving the common iliac artery and four had
isolated internal iliac artery aneurysms. No patients in this
group had bilateral aneurysms treated concomitantly.
Among the 28 endovascular patients with common iliac
artery involvement, 24 had unilateral iliac endograft place-
ment, while a bifurcated graft was necessary in three and an
aorto-uni-iliac endograft with femoral-femoral artery by-
pass in one. Twenty-three of the 28 with common iliac
artery involvement underwent coil embolization of the
ipsilateral internal iliac artery as a concomitant or staged
procedure. Four patients underwent exclusion of the inter-
nal iliac artery with coverage of the internal iliac ostium
with a stent graft; one had a pre-existing occlusion at the
time of the procedure. Of the four isolated internal iliac
artery aneurysms, three were treated with unilateral iliac
endograft placement and coil embolization and one with
coil embolization alone.
All aneurysms were successfully repaired in both the
endovascular and open groups (Table III). No patient with
endovascular repair underwent early or late conversion to
open repair. Four patients, three emergent and one elec-
tive, received blood transfusion during open repair; one
patient in the elective endovascular cohort received a blood
transfusion. Procedure related morbidity was seen in both
the open and endovascular repair groups (P 1.00). In the
elective open repair group, one case of atheroembolization
was the only morbidity; in the elective endovascular group,
six patients of 27 (22%) who underwent coil embolization
of the internal iliac artery developed buttock claudication.
rtery aneurysms.
ular repair
Open (n  24) n (%) Endo (n  32) n (%) P value
18 (75.0) 31 (96.9) .04
6 (25.0) 1 (3.1)
4.5  2.4 4.0  1.1 .35
21 (87.5)a 28 (87.5) 1.00
1 (4.2) 4 (12.5) .38
2 (8.3)b 0 .18vascThis was the only morbidity seen in the elective endovas-
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iliac artery was excluded by simply covering the ostiumwith
the endograft. Symptoms resolved in all cases at a median of
six months (range, 5-35 months). Morbidity in the emer-
gent open repair group included two patients with ureteral
injury and one patient each with open abdomen and post-
operative hemorrhage requiring return to the operating
room. No procedure related morbidity was seen in the one
patient that underwent emergent endovascular repair.
Thirty-day mortality was 6% (1/18) for elective open pro-
cedures and 17% (1/6) for emergent open procedures, 8%
overall. There were no mortalities in the endovascular
repair group at 30 days. However, one patient in the
endovascular group did die 35 days after the procedure
from complications of upper gastrointestinal hemorrhage.
There was no difference in 30-day mortality between the
open and endovascular groups (P  .18). Excluding the
emergent cases, there was also no difference in 30-day
mortality between the elective open and endovascular
groups (P  .37).
The overall median hospital length of stay for patients
in the endovascular group was one day, compared with
10.5 days in the open group (P  .01). The median
hospital length of stay in the elective endovascular group
(one day) was significantly less than for the elective open
group (8.5 days, P  .01). There was no significant differ-
ence in hospital length of stay for patients undergoing
emergent repair (22 days vs. nine days, P .26), but there
was only one patient in the emergent endovascular group.
Overall primary patency was 98% at 60 months. Pri-
mary patency rates for the open group was 100% versus 96%
in the endovascular group at 60 months (P  .07) by
Kaplan-Meier life-table analysis. There was one incident of
Table III. Outcomes: open versus endovascular repair
Total (n  56) n (%)
Technical success 56 (100.0)
Morbidity
Overall 11 (19.6)
Elective (n  49) 7
Artheroembolization 1
Buttock claudication 6




Need for transfusion 5 (8.9)
30-Day Mortality
Overall 2 (3.6)
Elective (n  49) 1 (2.0)
Emergent (n  7) 1 (14.3)
Later mortality (30 days) 8 (14.8)
Overall mortality 10 (17.9)
LOS, days, mean  SD (median)
Overall 6.7  7.4 (4.5)
Elective procedure 4.9  5.0 (3.0)
Emergency procedure 19.6  8.7 (18.0)
LOS, Length of stay.endograft iliac limb occlusion fivemonths after deploymentthat was successfully treated with catheter-directed throm-
bolytic infusion and intra-graft self-expanding stent place-
ment. None of the patients in the open group required
open or endovascular revision of their bypass graft for
stenosis, pseudoaneurysm, thrombosis, or infection.
In the endovascular group, aneurysm sac diameter was
unchanged in seven patients and decreased in 21 patients
based on serial computed tomography over median fol-
low-up of 35.5 months. Sac diameter is unknown in three
patients lost to follow up; one patient died at 35 days with
complications of upper gastrointestinal hemorrhage. One
patient requiring chronic systemic anticoagulation for a
mechanical heart valve in the endovascular group was fol-
lowed for a presumed type II endoleak after unilateral iliac
artery endograft placement with ipsilateral internal iliac
artery coil embolization (Fig 2). At 72 months, surveillance
CTA demonstrated increase in the size of the sac. There was
a contrast blush at a new site along the endograft, and he
was presumed to have developed a separate type III en-
doleak. He underwent recent uncomplicated endovascular
relining of the unilateral endograft and is being followed
closely with CTA. There were four late deaths in the
endovascular group and four in the open group. None was
related to the aneurysm or its repair.
DISCUSSION
Combined aortoiliac aneurysmal disease has been
treated with endovascular techniques since bifurcated en-
dografts were developed in the mid 1990s with excellent
early outcomes.10 The technical and anatomical challenges
resulting from the pelvic location of isolated iliac artery
aneurysms make an endovascular approach to this entity
particularly appealing. We report a retrospective review of
pen (n  24) n (%) Endo (n  32) n (%) P value
24 (100.0) 32 (100.0) 1.00








4 (16.7) 1 (3.1) .15
2 (8.3) 0 (0.0) .18
1 (5.5) 0 .37
1 (16.7) 0 1.00
4 (18.2) 4 (12.5) .70
6 (25.0) 4 (12.5) .30
12.3  7.8 (10.5) 2.5  3.0 (1.0) .01
9.3  4.9 (8.5) 2.3  2.8 (1.0) .01
21.3  8.1 (22.0) 9 (N  1) .26Oour institutional experience with open and endovascular
2mo
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Similar to other reports on iliac artery aneurysm manage-
ment, we included a cohort of 15 patients in this series that
Fig 2. A,Digital subtraction angiogram of 4.3 cm isolated l
Completiondigital subtractionangiogramafter left internal ilia
with extension into the external iliac artery.C,Computed tom
and a type II endoleak at 58 months postoperatively. D, C
endoleak and enlargement of the aneurysm sac to 5.0 cm at 7underwent previous abdominal aortic aneurysm repair.7,11-13The open and endovascular repair groups were similar
in terms of age, gender, comorbidities, and aneurysm size.
However, there were significantly higher numbers of endo-
mmon iliac artery aneurysmwith a 30mm proximal neck.B,
ycoil embolizationandplacementof two iliac limbendografts
hy angiogramdemonstrating residual aneurysm sac (4.0 cm)




ompuvascular patients undergoing elective repair in the endovas-
s.
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acute rupture weremanagedwith open repair. Themajority
of patients were elderly males with common iliac artery
involvement, with a smaller percentage involving only the
internal iliac artery, which is consistent with previous re-
ports (Table IV).1,6,12,14 The diagnosis of isolated iliac
artery aneurysm on physical examination is extremely diffi-
cult because of the deep pelvic location of these aneurysms
and likely accounts for the high incidence of symptomatic
or ruptured aneurysms in the past.5 In the present series,
the majority of iliac artery aneurysms were diagnosed inci-
dentally on diagnostic imaging (ie, CT,magnetic resonance
imaging [MRI]) obtained for other suspected conditions.
Avoidance of the need for deep pelvic dissection, with
the attendant risks of visceral, genitourinary, and pelvic
venous injuries, is the putative benefit of the endovascular
approach. Similar to other series, the need for transfusion
was more likely in the open repair group, especially in
patients with ruptured aneurysms, but this difference did
not reach statistical significance. Several series have demon-
strated morbidity rates as low as 4% to 15% with a corre-
sponding decrease in transfusion with endovascular repair
of isolated iliac artery aneurysms.11-13
In addition, need for coil embolization of the ipsilateral
internal iliac artery is not uncommon with this technique.
The reported incidence of buttock claudication following
coil embolization of the internal iliac artery has been vari-
able and dependent in part upon the distribution treated
(ie, main trunk or anterior and posterior divisions). Con-
sistent with previous reports the incidence of buttock clau-
dication exceeded 20% in this series.7,11-13 Buttock claudi-
cation was self-limiting with all patients reporting
resolution of symptoms without the need for subsequent
intervention at a median follow-up of six months. En-
dograft segments with internal iliac artery side branches are
available outside of theUnited States tomaintain antegrade
flow in the ipsilateral internal iliac artery, mitigating the
need for embolization techniques. This new device appears
to prevent the temporary, but frustrating buttock claudica-
Table IV. Summary of other endovascular series
Series Patel et ala
Number of patients 32
Mean follow-up (months) 30  24
Age (mean  SD) 74  10
Gender (% male) 31 (97%)
Aneurysm diameter, cm (mean  SD) 4.0  1.1
Technical success 100%
Hospital length of stay (mean, days) 2.3  2.8
Need for transfusion 1/32 (3.1%)
30-day morbidity 6/32 (19%)
30-day mortality 0
Primary patency (24 months) 96%
Endoleak 1/32 (3%)
Internal iliac embolization 27/32 (84%)
Buttock claudication 6/27 (22%)
aSeries include endovascular repair of ruptured isolated iliac artery aneurysmtion that may occur with coil embolization of this ves-sel.15,16 Further studies are necessary to define the role of
side branch devices in anticipation of this problem.
Thirty-day mortality was higher for the open vs endo-
vascular group (8% vs. 0%), but this difference was not
significant. Excluding the emergent cases, 30-day mortality
was still higher in the open compared with the endovascular
group (6% vs. 0%), but again this difference was not signif-
icant. This is likely secondary to the limited number of
patients in each group. Several reports have similarly found
endovascular repair of isolated iliac artery aneurysms to be
associated with 30-day mortality less than 2%,7,11-13
whereas open repair has been associated with 30-day mor-
tality up to 10%.1,4
Similar to previous reports, hospital length of stay
overall and in the elective situation was significantly re-
duced in the group treated with endovascular repair. There
was an insufficient number of patients in the emergent
endovascular group (n  1) to support any definitive
conclusions. Nevertheless, it is possible that the benefits
observed in the elective endovascular repair group may be
observed in an emergent cohort, as has been observed in
the recent experience with ruptured abdominal aortic an-
eurysms.17
Endovascular iliac artery aneurysm repair has excellent
mid-term patency rates with several series demonstrating
greater than 80% primary patency at two years.11-13 Our
results are comparable with a primary patency rate of 96% at
two and five years for the endovascular repair group. We
were unable to show a significant difference in primary
patency rates between the open and endovascular groups in
our series at five years (100% vs. 96%, P  .07).
With follow-up CT imaging, we were able to demon-
strate shrinkage of the aneurysm sac in the majority of
patients. Other series have demonstrated that it is not
uncommon for there to be minimal shrinkage in most cases
of isolated iliac artery aneurysm, with no change at all in
several cases.7,11 Though endoleaks are not rare, they are
uncommon. In our series, only one patient was followed for
a type II endoleak and ultimately required endograft relin-
Pitoulias et al Boules et al Chaer et ala
32 45 52
35  21 22 17  2
64  8 75  9 73  2
30 (94%) 42 (93%) 47 (90%)
4.5  1.6 4.2  1.7 4.3  0.1
100% 100% 100%
2.1  0.6 1.3  1.0 1.3  1.0
0 — 3/52 (6%)
6/32 (19%) 2/45 (4%) 8/52 (15%)
0 0 1/52 (2%)
97% 95% 81%
0 9/33 (27%) 3/52 (6%)
13/33 (39%) 35/45 (78%) 45/52 (86%)
4/13 (30%) 9/39 (23%) 34/52 (65%)ing for a new type III endoleak at 72 months. Other series
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endovascular repair of isolated iliac artery aneurysms, rang-
ing from 0%-27%.11-13
The main limitation of this study is that it is a retro-
spective review with limited sample size and mid-term
follow-up of this cohort. A prospective algorithm for treat-
ment and follow-up was not used; technical and treatment
decisions were made by the attending surgeon based on
best clinical judgment. Considerations for endovascular
repair included adequacy of the access vessel and proximal
attachment site, and method for addressing the ipsilateral
internal iliac artery. Also, it is possible that true differences
exist between certain variables, but conclusions are limited
by small sample sizes. Examples include comparison of
outcomes in the emergent situation, such as length of
stay, transfusion requirement, and mortality. Long-term
follow-upwill clarify the outcomes of endovascular repair in
the management of isolated iliac artery aneurysms. Specif-
ically, continued evidence of durability and a decreased
need for frequent, expensive surveillance modalities, which
require radiation and contrast exposure, would further
buttress the initial advantages associated with this tech-
nique. Nonetheless, this experience comprises sample sizes
and follow-up similar to those of other reports, and a
number of significant observations can be made which
validate the endovascular approach.
In summary, a direct comparison of contemporary out-
comes for open and endovascular repair of isolated iliac
artery aneurysms documents excellent mid-term outcomes
for endovascular repair. Large scale prospective, random-
ized trials comparing the efficacy of open versus endovas-
cular repair for isolated iliac artery aneurysms are unlikely to
be forthcoming owing to the rarity of these aneurysms, not
to mention their deep pelvic location and the attendant
morbidity of open surgical repair. Taken together, these
results add to a growing body of retrospective literature
suggesting that endovascular repair is a safe and effective
alternative to open surgical repair for isolated iliac artery
aneurysm in anatomically appropriate patients.
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